The method of C. Hallauer and G. Kronauer (Arch. Ges. Virusforsch. 15:433, 1965) for extraction of cell-associated virus by treating infected monolayers with isotonic glycine buffer (pH 9) was applied to human cytomegalovirus. This procedure yields infectious cell-free virus and permits serial extractions of the same infected monolayers with no major damage to the cells. Glycine-extracted virus. Infected monolayers in 16-oz (500-ml) bottles were washed with Hank's solution (pH 7.1) and flooded with 10 ml of 0.1 M glycine buffer (pH 9.0). After 30 min of incubation at room temperature, the buffer containing the extracted virus was removed and clarified by low-speed centrifugation (1,000 X g for 10 min), assayed immediately, or stored at -90 C with an equal volume of 70% sorbitol (in water).
The method of C. Hallauer and G. Kronauer (Arch. Ges. Virusforsch. 15:433, 1965 ) for extraction of cell-associated virus by treating infected monolayers with isotonic glycine buffer (pH 9) was applied to human cytomegalovirus. This procedure yields infectious cell-free virus and permits serial extractions of the same infected monolayers with no major damage to the cells. The properties of glycine-extracted virus in two different strains of human cytomegalovirus, AD 169 and C 87, were compared to those of intracellular virus obtained by sonic disruption of infected cells.
Recent reports (V. Vonka and M. BenyeshMelnick, J. Bacteriol. 91:213, 1966; M. BenyeshMelnick et al., J. Immunol. 96:261, 1966; M. Benyesh-Melnick et al., J. Bacteriol. 92:1555 , 1966 describe the procedures used for preparing extracellular and intracellular virus, and the methods of plaque assay, complement-fixation, and quantitative electron microscopy.
Glycine-extracted virus. Infected monolayers in 16-oz (500-ml) bottles were washed with Hank's solution (pH 7.1) and flooded with 10 ml of 0.1 M glycine buffer (pH 9.0). After 30 min of incubation at room temperature, the buffer containing the extracted virus was removed and clarified by low-speed centrifugation (1,000 X g for 10 min), assayed immediately, or stored at -90 C with an equal volume of 70% sorbitol (in water).
Cultures infected with either strain yielded intracellular virus of comparable titers-usually around 106 plaque-forming units (PFU) /ml. However, strain C 87 was more avidly cellassociated, for the extracellular virus titer with this strain was only 104 PFU/ml, whereas it was 105 PFU/ml with strain AD 169. With both strains, the glycine extraction procedure yielded harvests of around 104 PFU/ml.
Even though the volume of fluid used for extraction of an infected monolayer was 10 times greater than that used for preparation of intracellular virus from the same number of infected cells (V. Vonka and M. Benyesh-Melnick, J. Bacteriol. 91:213, 1966) , the differences in titers could not be explained on the basis of the dilution factor alone. Experiments were carried out to ascertain whether only a fraction of the cellassociated virus was liberated by the glycine treatment, or whether virus was efficiently extracted but was then inactivated by the glycine buffer.
Infected monolayers were treated with glycine buffer for 30 min; virus yields per culture were determined for the glycine-extracted virus, for the residual intracellular virus obtained from sonically disrupted cells in the monolayers after glycine extraction, as well as for standard intracellular virus recovered from parallel, untreated monolayers. The fraction of virus extracted per culture was calculated as the percentage of the sum of glycine-extracted and residual intracellular virus, or as the percentage of standard intracellular virus.
As seen from the results of four tests (Table 1) , there was no difference between the amount of intracellular virus recovered from glycine-treated or from untreated cultures. With both AD 169 and C 87 strains, only 5 to 27% of the total amount of virus was extracted from the infected monolayers during the 30-min extraction period. The similar titers of the intracellular virus preparations (either with or without prior glycine extraction) also ruled out the possibility that a larger amount of virus might have been extracted but inactivated by the glycine buffer.
Serial glycine extractions. Preliminary experiments indicated that incubation of infected monolayers in the presence of glycine buffer for periods of over 30 min had a deleterious effect on the cells without causing additional release of infectious virus. Thus, to ascertain whether subsequent extractions would yield larger quantities of infectious virus, infected monolayers that had undergone one 30-min extraction were washed with slightly acidic Hank's solution (pH 6.5) and subjected to a second extraction for the same period of time. This cycle was repeated two or three times. With both strains, only 1 to 15% of the total cell-associated virus was released at each extraction. The total amount of virus ob- ever, each day's extraction yielded only about 10% of the cell-associated virus.
Particle-PFU ratios and complement-fixation (CF). Since the results obtained for the two strains tested were identical, only representative experiments with strain AD 169 are described. Infectivity titrations, particle counts, and CF tests were performed with glycine-extracted virus, with the residual intracellular virus, and with intracellular virus from untreated infected cultures (experiment 1 in Table 2 ). Again, the glycineextracted virus had a much lower infectivity. Furthermore, as indicated in Table 2 , only 1 in 4,400 glycine-extracted virus particles was infectious. In contrast, both types of intracellular preparations yielded about 10-fold lower particle-PFU ratios, ranging between 300 and 500 particles per PFU. This was not a result of virus inactivation by the glycine buffer, for in several experiments no loss in infectivity was observed when intracellular virus was incubated in the presence Table 2 , the glycine-extracted virus was completely free of CF activity. This was not due to inactivation of extracted CF antigen by the alkaline buffer, but was most probably due to the failure of the buffer to liberate the cell-associated antigen. Infected cells sonically disrupted in the presence of 0.1 M glycine were shown to yield the same (or higher) CF titers as those disrupted in the usual diluent (experiment 3 in Table 2 ).
The high particle-PFU ratios observed with the glycine-extracted virus and the small differences in these ratios between the residual intracellular virus and intracellular virus obtained from nonextracted cells suggested that the glycine was liberating incomplete or inactivated virus particles closely associated with the cellular membrane. Ihis assumption was substantiated by the results of the following two experiments (Table 2) . Intracellular virus was first obtained from sonically disrupted cells. Then the pellet which remained after low-speed centrifugation (1,000
x g for 10 min) of the disrupted cells was subjected to glycine extraction for 30 min, and clarified again; the resulting supernatant fluid was tested. The virus that was not released by the sonic vibration was further extracted from the low-speed centrifugation pellet; it was much less infectious, yielding a particle-PFU ratio of 2,700, as compared to a ratio of 160 for the intracellular virus (experiment 2 in Table 2 ). Furthermore, the same high particle-PFU ratios were observed for intracellular virus obtained by sonic disruption of infected cells when glycine buffer was used as diluent instead of the standard Eagle's medium free of bicarbonate (experiment 3 in Table 2 ). There was no difference in infectious titers between the two types of preparations. However, intracellular virus prepared in glycine buffer yielded particle counts 10 times higher than those of intracellular virus prepared in Eagle's medium. It appeared that the glycine buffer was releasing noninfectious virus particles that had been closely bound to cellular structures.
Unlike the results reported by C. Hallauer and G. Kronauer (Arch. Ges. Virusforsch. 15: 433, 1965 ) with the ribonucleic acid (RNA) viruses (arbo-, picorna-, and reoviruses), the present study indicated that glycine extraction was much less efficient in releasing cell-associated infectious cytomegalovirus than was mechanical disruption of infected cells. Even though the procedure permitted serial extractions of infectious virus from the same infected monolayers without visible damage to the cells, only an insignificant fraction of the cell-associated virus was further released with each successive extraction. The soluble CF antigen of cytomegalovirus also failed to be released when intact infected cells were subjected to glycine extraction. This antigen, like the virus itself, was not inactivated by the glycine buffer. Glycine buffer appeared to release mainly noninfectious virus that had been either closely associated with the cellular membrane or firmly bound to cellular structures. This tightly bound virus was not released by the procedure of cell disruption regularly employed. Whether virus was extracted from the intact infected cells or after the cells had been subjected to sonic oscillation, it consistently yielded particle-PFU ratios 5-to 20-fold higher than that of intracellular virus obtained by mechanical cell disruption alone. The possibility that infectious virus was extracted but was inactivated by the glycine buffer was ruled out experimentally.
The differences in results in the present study and that reported by Hallauer and Kronauer for the RNA viruses favor their assumption that release of cell-associated virus by glycine extraction has an underlying mechanism similar to that of spontaneous virus release from the infected cell. In their study, viruses naturally released by cellular burst (picorna-, arbo-, and reoviruses) were easily "extractable"; however, their preliminary data with adenoviruses and our present results with cytomegalovirus indicate that this method is not as advantageous for these deoxyribonucleic acid viruses that have a slow release.
